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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a vapor growth 
apparatus which can assure proper distribution of film 
thickness, while using a comparatively simplified structure, and 
to provide a method of manufacturing epitaxial wafer, using the 
same apparatus. 

SOLUTION: This vapor growth apparatus 1 is configured as a 
single-wafer vapor growth apparatus. A raw material gas G is 
guided into a reaction vessel body 2 from a gas guide port 21. A 
susceptor 12 is surrounded by a bank member 23 and the raw 
material gas G from the gas guiding port 21 collides with a gas- 
receiving region 60 formed to the bank material 23 and then 
rides over the upper surface 23a side and then flows along the 
main surface of a silicon single-crystal substrate W placed on 
the susceptor 12. In the gas-receiving region 60, a gas- 
disturbing portion 8 is formed with inclusion of walls 9, 9, 23b 
which change step by step in the height for the upper surface 
of the bank member 23, as it advances toward the down-stream 




side of the flow of the raw material gas G. £ 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application 
converted registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

http://wwl9.ipdl.ncipL^^ 1/24/2006 



JJ>,2003-203866,A [CLAIMS] 



Page 1 of 2 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is vapor growth equipment to which the main front face of a silicon single crystal substrate is 
made to carry out vapor growth of the silicon single crystal thin film. It has the body of a reaction container 
with which the gas inlet was formed in the first edge side which can be set horizontally, and gas exhaust was 
similarly formed in the second edge side. The material gas for silicon single crystal thin film formation is 
introduced in said body of a reaction container from said gas inlet. After said material gas flows in the 
building envelope of this body of a reaction container along said main front face of said silicon single crystal 
substrate by which rotation maintenance is carried out at an abbreviation horizontal, While said silicon 
single crystal substrate is arranged on the disc-like susceptor by which is constituted so that it may be 
discharged from said gas exhaust, and a rotation drive is carried out in said building envelope and 
surrounding said susceptor Bank material is arranged in the physical relationship whose top face 
corresponds with the top face of this susceptor. Furthermore, opening of said gas inlet is carried out in the 
form which counters the peripheral face of said bank material. In the vapor growth equipment constituted so 
that it might flow along the main front face of said silicon single crystal substrate on said susceptor after 
said material gas from this gas inlet ran aground to the top-face side in the gas acceptance field formed in 
said bank material Vapor growth equipment characterized by forming in said gas acceptance field gas 
random **** which has the wall from which the height to the top face of said bank material changes 
gradually as it progresses to the flow direction downstream of said material gas. 

[Claim 2] Said gas random **** is vapor growth equipment according to claim 1 characterized by making a 
stairway configuration. 

[Claim 3] Vapor growth equipment according to claim 1 or 2 characterized by forming the hold section 
concave in the form which cuts and lacks the top-face side periphery edge of said bank material in a hoop 
direction, arranging a stair-like quartz member removable and forming said gas random **** in this hold 
section. 

[Claim 4] Said gas random **** is vapor growth equipment according to claim 1 characterized by being 
formed as a thing containing the heights which are separated from the wall which adjoins the top face of 
said bank material about the flow direction of said material gas. 

[Claim 5] Vapor growth equipment according to claim 4 characterized by forming the hold section concave 
in the form which cuts and lacks the top- face side periphery edge of said bank material in a hoop direction, 
arranging the block material made from a quartz removable, and forming said heights in this hold section. 
[Claim 6] The imagination center line along the flow direction of said material gas which intersects 
perpendicularly with axis of rotation of said susceptor from said first edge of said body of a reaction 
container, and reaches said second edge is made into a horizontal center line. When the direction which 
intersects perpendicularly with the both sides of this horizontal center line and said axis of rotation is 
defined as the cross direction, to the peripheral face of said bank material The bank material side dashboard 
which divides the flow of said material gas with two or more [ in said cross direction ] in the form 
distributed to bilateral symmetry to said horizontal center line is arranged. Vapor growth equipment given in 
claim 1 characterized by forming said gas random **** only about said gas acceptance field containing said 
horizontal center line about said gas acceptance field used as the form divided by them thru/or any 1 term of 
5. 

[Claim 7] The interior material of a gas proposal which turns and leads said material gas from said gas inlet 
to said gas acceptance field It is arranged between said gas inlets and said bank material in the form 
distributed to right and left to said horizontal center line in said cross direction. The interior material side 
dashboard of a gas proposal with which the flow of said material gas is divided into each of the gas guidance 
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space formed inside said interior material of a gas proposal in said cross direction is formed. Vapor growth 
equipment according to claim 6 characterized by arranging the interior material side dashboard of the gas 
proposal, and said bank material side dashboard in the same field of a virtual flat surface perpendicular to 
said cross direction. 

[Claim 8] Vapor growth equipment given in claim 1 by which the spot facing which has the wafer taking-a- 
seat side to which it inclined up toward the outside is formed in said susceptor thru/or any 1 term of 7. 
[Claim 9] The manufacture approach of the epitaxial wafer characterized by obtaining an epitaxial wafer by 
arranging said silicon single crystal substrate in said reaction container of vapor growth equipment given in 
claim 1 thru/or any 1 term of 8, circulating said material gas in this reaction container, and carrying out 
vapor phase epitaxial growth of said silicon single crystal thin film on said silicon single crystal substrate. 
[Claim 10] The manufacture approach of the epitaxial wafer according to claim 9 characterized by 
performing thickness adjustment of said silicon single crystal thin film so that the value defined by lOOx 
(tmax-tmin)/(tmax+tmin) may become 0.4 or less about the maximum thickness value of the diameter 
direction of said silicon single crystal thin film, when the minimum thickness value is similarly set to tmin, 
tmax. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the vapor growth equipment for making the main front face 
of a silicon single crystal substrate carry out vapor growth of the silicon single crystal thin film, and the 
manufacture approach of an epitaxial wafer realized using it. 
[0002] 

[Description of the Prior Art] The silicon epitaxial wafer which formed the silicon single crystal thin film (it 
is only hereafter called a "thin film" for short) in the main front face of a silicon single crystal substrate (it is 
only hereafter called a "substrate" for short) by vapor growth is widely used for electron devices, such as a 
bipolar IC and MOS-IC. And the demand to the flatness of the epitaxial wafer main front face which makes 
a component and is crowded is becoming still severer with detailed-izing of an electron device etc. As a 
factor which affects flatness, there are display flatness of a substrate and thickness distribution of a thin film. 
By the way, it replaces with the approach recent years, for example, a diameter, carry out batch processing 
of two or more wafers in manufacture of the epitaxial wafer beyond 200mm thru/or it, and single-wafer- 
processing vapor growth equipment is becoming in use. This carries out rotation maintenance of the one 
substrate horizontally into a reaction container, and it carries out vapor growth of the thin film, supplying 
material gas to an abbreviation horizontal and an one direction from the end of a reaction container to the 
other end. 

[0003] In the above single- wafer-processing vapor growth equipments, when attaining thickness 
equalization of the thin film formed, there is the flow rate of material gas or flow rate distribution in a 
reaction container as an important factor. In single-wafer-processing vapor growth equipment, after material 
gas is usually supplied from the gas inlet formed in the end section of a reaction container through the gas 
supply line and material gas flows along a substrate front face, it has structure discharged from the exhaust 
port by the side of the container other end. In the vapor growth equipment of such structure, in order to 
reduce flow rate nonuniformity, the equipment which formed the distributor which formed many holes in 
the downstream of a gas inlet conventionally, or formed the dashboard with which a gas stream is divided 
crosswise is proposed. 

[0004] Moreover, the configuration of the equipment which supplies material gas on the surface of a 
substrate in the form where the following patent reference is made to overcome a sink and bank material 
towards the peripheral face of the bank material arranged in the material gas from a gas inlet around the 
susceptor which supports a substrate is indicated. The main point of this approach will distribute material 
gas by applying a material gas style to the peripheral face of bank material, and will cancel the 
nonuniformity of a flow rate. 
[0005] 

[Patent reference 1] JP,7-193015,A [0006] 

[Problem(s) to be Solved by the Invention] however, the above-mentioned configuration — with — **** — 
even if it carries out, the effectiveness which homogeneity is made to distribute material gas and cancels 
flow rate nonuniformity is inadequate, and it is becoming impossible to desire an epitaxial wafer which is 
further excellent in surface smoothness 

[0007] The technical problem of this invention is to offer the vapor growth equipment which can secure 
thickness distribution good with a comparatively simple device, and the manufacture approach of the 
epitaxial wafer using it. 
[0008] 

[Means for Solving the Problem and its Function and Effect] The material gas used for vapor phase epitaxial 
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growth is drawn in a reaction container from a gas inlet. It is thought that its directivity is strong since 
material gas is comparatively heavy, and it is one factor to which this invites flow rate nonuniformity. 
Paying attention to the point, when this invention person etc. is the front point, makes the flow of gas 
produce much more big turbulence and gas constituents were positively distributed rather than it arrived at 
the top face of a wafer, he discovers that flow rate nonuniformity is cancelable and came to complete this 
invention. In order to solve a technical problem namely, the vapor growth equipment of this invention It is 
vapor growth equipment to which the main front face of a silicon single crystal substrate is made to carry 
out vapor growth of the silicon single crystal thin film. It has the body of a reaction container with which the 
gas inlet was formed in the first edge side which can be set horizontally, and gas exhaust was similarly 
formed in the second edge side. The material gas for silicon single crystal thin film formation is introduced 
in the body of a reaction container from a gas inlet. After material gas flows in the building envelope of this 
body of a reaction container along the main front face of the silicon single crystal substrate by which 
rotation maintenance is carried out at an abbreviation horizontal, While a silicon single crystal substrate is 
arranged on the disc-like susceptor by which is constituted so that it may be discharged from gas exhaust, 
and a rotation drive is carried out in a building envelope and surrounding a susceptor Bank material is 
arranged in the physical relationship whose top face corresponds with the top face of this susceptor. 
Opening of the gas inlet is carried out in the form which counters the peripheral face of bank material. 
Furthermore, the material gas from this gas inlet In the vapor growth equipment constituted so that it might 
flow along the main front face of the silicon single crystal substrate on a susceptor after running aground to 
a top- face side in the gas acceptance field formed in bank material In a gas acceptance field, it is 
characterized by forming gas random **** which has the wall from which the height to the top face of bank 
material changes gradually as it progresses to the flow direction downstream of material gas. 
[0009] Moreover, the manufacture approach of the epitaxial wafer of this invention is characterized by 
obtaining an epitaxial wafer by arranging a silicon single crystal substrate in the reaction container of above 
vapor growth equipment, circulating material gas in this reaction container, and carrying out vapor phase 
epitaxial growth of the silicon single crystal thin film on a silicon single crystal substrate. 
[0010] As the vapor growth equipment of this invention encloses the susceptor which carries out rotation 
maintenance of the wafer, bank material is prepared, and it is made for the material gas led to the gas 
acceptance field formed in the bank material in a reaction container from a gas inlet to hit. And in order to 
promote distribution of material gas, gas random **** which has the wall from which height changes 
gradually is formed in the gas acceptance field as it progresses to a flow direction downstream [ of material 
gas ], i.e., exhaust port, side. The material gas which has flowed from a gas inlet is rebounded by the reverse 
sense as the wall of these plurality be alike, respectively by the time it runs aground on the top face of bank 
material. Since material gas flows one after another, although it is rebounded by the wall, it is pushed up 
from back, and flows toward an exhaust-port side. However, since the wall is awaiting again also after 
having risen one wall, an operation of recoil is received also in there. Thus, in gas random ****, there is an 
operation which makes material gas produce a turbulent flow. Therefore, also after material gas runs 
aground on the top face of bank material, it is easy to distribute it to homogeneity on the whole wafer front 
face. If gas can be passed to homogeneity to the front face of a wafer, the good single crystal thin film of 
thickness distribution can be obtained. 

[001 1] in addition, bank material arranges in the physical relationship whose "top face corresponds with the 
top face of a susceptor — having ~ 11 — it does not necessarily mean that the top face of bank material and the 
top face of a susceptor are completely in agreement, for example, the difference in the location to about 
2mm is in agreement — it is rich and makes. 
[0012] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained based on an 
attached drawing. Drawing 1 - drawing 4 show typically an example of the vapor growth equipment 1 
concerning this invention. Drawing 1 R> 1 is the side-face sectional view and a decomposition perspective 
view which the enlarged drawing near the material gas induction of drawing 1 and drawing 3 cut the top 
view of the vapor growth equipment 1 of drawing 1 , and drawing 4 cuts a part of important section of the 
vapor growth equipment 1 of drawing 1 , lacks drawing 2 , and is shown. This vapor growth equipment 1 
has the body 2 of a reaction container with which the gas inlet 21 was formed in the first edge 3 1 side which 
can be set horizontally, and gas exhaust 36 was similarly formed in the second edge 32 side, as shown in 
drawing 1 . Material gas G for thin film formation is introduced in the body 2 of a reaction container from a 
gas inlet 21 , and after flowing along the direction along the main front face of the substrate W by which 
rotation maintenance is carried out in the building envelope 5 of this body 2 of a reaction container at an 
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abbreviation horizontal, it is constituted so that it may be discharged through an exhaust pipe 7 from gas 
exhaust 36. 

[0013] On the above-mentioned substrate W, material gas G is for carrying out vapor growth of the silicon 
single crystal thin film, and is chosen from the silicon compounds of SiHCB, SiC14, SiH2C12, and SiH4 
grade. B-2 H6 or PH3 as DOPANDOGASU, H2 3 N2, Ar as dilution gas, etc. are suitably blended with 
material gas G. Moreover, in case substrate pretreatment (for example, removal processing of the natural 
oxidation film and the adhesion organic substance) is performed in advance of vapor growth processing of a 
thin film, the gas for pretreatment which diluted with dilution gas the corrosive gas suitably chosen from 
HC1, HF, C1F3, and NF3 grade is supplied in the body 2 of a reaction container, or elevated-temperature 
heat treatment is performed in H2 ambient atmosphere. 

[0014] As shown in drawing 1 , the disc-like susceptor 12 by which a rotation drive is carried out by the 
motor 1 3 around the perpendicular axis of rotation O is arranged, and one substrate W for manufacturing a 
silicon epitaxial wafer in spot facing 1 2b formed in the top face is arranged in the building envelope 5 of the 
body 2 of a reaction container. That is, this vapor growth equipment 1 is constituted as single-wafer- 
processing vapor growth equipment. The diameter of Substrate W is 100mm or a thing beyond it. Moreover, 
corresponding to the arrangement field of Substrate W, the infrared-heating lamp 1 1 for substrate heating is 
arranged at intervals of predetermined at the upper and lower sides of the body 2 of a container. 
[0015] As shown in drawing 6 , depth d of spot facing 12b is good to adjust greatly (for example, 200 
thru/or about 400 micrometers) a little rather than thickness d f of the substrate W arranged at a susceptor 12. 
[0016] In the building envelope 5, the bank material 23 is arranged so that a susceptor 12 may be 
surrounded, as shown in drawing 3 . As shown in drawing 2 , the bank material 23 is arranged in the 
physical relationship in which the top-face 23a carries out abbreviation coincidence with top-face 12a (as a 
result, the main front face of Substrate W) of a susceptor 12. As shown in drawing 1 , opening of the gas 
inlet 21 is carried out in the form which counters peripheral face 23b of the bank material 23, and material 
gas G from this gas inlet 21 flows along the main front face of the substrate W on a susceptor 12, after 
running aground to the top-face 23a side in the gas acceptance field 60 formed in the bank material 23, as 
shown in drawing 4 . Top-face 12a of the susceptor 12 which the preheating ring 22 for soaks formed in 
tabular is arranged along the inner circumference edge of the bank material 23, and is arranged at the inside 
is top-face 22a (refer to drawing 2 ) of this preheating ring 22, and abbreviation same Men. 
[0017] Gas random **** 8 which has the walls 9, 9, and 23b from which the height to top-face 23a of the 
bank material 23 changes gradually is formed in the gas acceptance field 60 shown in drawing 3 -5 as it 
progresses to a flow direction downstream [ of material gas G ] 36, i.e., exhaust port, side (refer to drawing 
2 ). Peripheral face 23b of the bank material 23 is used also [ b / a part of / which gas random **** 8 has / 
wall 23]. Material gas G which has flowed from a gas inlet 21 results in top-face 23a of the bank material 
23, the walls 9, 9, and 23b of these two or more stages be alike, respectively being rebounded by the reverse 
sense. Since Walls 9, 9, and 23b are established over two or more steps, its effectiveness that this makes the 
flow of material gas G produce turbulence rather than the case of only one step 23, i.e., bank material, of 
peripheral face 23b is high. Therefore, material gas G flows to up to Substrate W, distributing one layer of 
nearby to the side, after reaching top-face 23a of the bank material 23. 

[0018] As shown in the important section enlarged drawing of drawing 2 , a stairway configuration is 
suitably employable as a configuration of gas random **** 8. If a stairway configuration is adopted, 
material gas G will tend to adjust the balance of the operation rebounded to the opposite side of a flow 
direction, and the operation which is going to progress to an exhaust-port 36 side by few design changes. 
That is, it is easy to disturb the flow of material gas G. Gas random **** 8 may be formed in the bank 
material 23 and one, and may be formed in removable another object. 

[0019] As shown in drawing 1 , let the imagination center line along the flow direction of material gas G 
which intersects perpendicularly with the axis of rotation O of a susceptor 12 from the first edge 31 of the 
body 2 of a reaction container, and reaches the second edge 32 be a horizontal center line HSL in vapor 
growth equipment 1 . And the direction which intersects perpendicularly with the both sides of a horizontal 
center line HSL and the axis of rotation O of a susceptor 12 is defined as the cross direction WL. 
[0020] Gas random **** 8 is formed in concave hold section 23k formed in the form which cuts and lacks 
the top-face 23b side periphery edge of the bank material 23 in a hoop direction by arranging the stair-like 
quartz member 10 removable, as are shown in drawing 5 (a), and shown in drawing 5 (b). Hold section 23k 
is constituted by a part of peripheral face 23b of the bank material 23, and gas installation side 23c, and can 
be formed in the shape of [ reflecting the configuration of a susceptor 12 ] radii. And if the stair-like quartz 
member 10 which should be arranged there is similarly produced in the shape of radii, since it fits in that 
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there is no clearance in hold section 23k and can position with a sufficient precision, it is convenient. 
However, this does not deny the gestalt which forms a clearance positively so that it may mention later. 
Moreover, in quartz member 10 independent one, the L character configuration is made in the cross section 
containing a horizontal center line HSL and the axis of rotation O of a susceptor 12. Since it is difficult to 
process a configuration complicated in processing a quartz ingredient in the shape of radii, considering as as 
simple a configuration as possible is desirable. 

[0021] Drawin g 7 (a) is gas random **** 8 shown in drawing 5 from drawing 1 , and drawing 7 (b) - (d) is 
the cross section showing another gestalt applicable as gas random **** 8. First, drawing 7 R> 7 (b) is the 
example by which quartz member 10b of a stairway configuration which carried out the predetermined 
include- angle inclination of the walls 9 and 9 has been arranged, and gas random **** 8 was formed in the 
improvement style side in a way to which material gas G flows. According to this gestalt, the operation 
which rebounds material gas G to the flowing improvement style side in a way is larger than the gestalt 
shown in drawing 7 (a), and it is easy to produce a turbulent flow. Next, drawing 7 (c) is the example whose 
invasion made 23n of slots formed in the bank material 23 carry out fitting of the tabular quartz member 
10c, fixed, and material gas G enabled at each ** of Walls 9, 9, and 23b. How depending on which material 
gas G flows becomes complicated, and this gestalt is also easy to produce a turbulent flow. Moreover, 
drawing 7 (d) arranges two or more block material lOmade from quartz d intermittently to the hoop 
direction of the bank material 23, and aims at the operation which disturbs the flow of gas. It is good to 
adjust the number suitably as the number of the walls 9, 9, and 23b acting as the failure of material gas G, so 
that effectiveness may become high most. 

[0022] Moreover, as shown in the perspective view of drawing 8 (a), and the sectional view of drawing 8 
(b), gas random **** 8 may be formed as a thing containing the heights 14 which are separated from wall 
23b (the peripheral face of the bank material 23 is included) which adjoins top-face 23a of the bank material 
23 about the flow direction of material gas G. In the viewpoint of making it Opening SA generated between 
heights 14 and wall 23b, it is similar to the gestalt of drawing 7 (c), and the operation which disturbs the 
flow of material gas G can be expected. Moreover, although drawing 8 (b) shows a cross section parallel to 
a horizontal center line HSL and the axis of rotation O of a susceptor 12, when heights 14 present the shape 
of a rectangle in this cross section, the width of face of the opening SA in the flow direction of material gas 
G will have the predetermined distance D. About this predetermined distance D, it can adjust suitably, for 
example, you may make it differ by right and left of a horizontal center line HSL. 
[0023] The above heights 14 can be formed in the bank material 23, one, or another object. The latter is 
adopted in the gestalt shown in drawing 8 . As mentioned above, hold section 23k concave in the form 
which cuts and lacks the top-face side periphery edge of the bank material 23 in a hoop direction is 
specifically formed, block material lOmade from quartz e can be arranged to this hold section 23k 
removable, and heights 14 can be formed in it. If it does in this way, the configuration of heights 14 can be 
adjusted easily. Therefore, optimization of the thickness distribution (thickness distribution) of an epitaxial 
layer (silicon single crystal thin film) can also be performed easily. In addition, although it is desirable to 
have the configuration which curved so that the bank material 23 might be met as for block material lOmade 
from quartz e, a square shape-like thing may be simply used for it. Moreover, block material 1 Omade from 
quartz e is arranged so that it may become symmetrical about a horizontal center line HSL (refer to drawing 
3 ), or so that it may become unsymmetrical. 

[0024] Moreover, as shown in drawing 9 , block material 1 Omade from quartz e can also be arranged so that 
the peripheral face of the bank material 23 may be touched, and gas random **** 8 which has a stairway 
configuration will be formed in this case. 

[0025] Now, as shown in drawing 3 -5, the bank material side dashboards 35R and 35L which divide the 
flow of material gas G into peripheral face 23b of the bank material 23 with two or more [ in the cross 
direction WL ] in the form distributed to bilateral symmetry to the horizontal center line HSL are arranged. 
And gas random **** 8 is formed only about the gas acceptance field 60 containing a horizontal center line 
HSL about the gas acceptance field 60 used as the form divided by these bank material side dashboards 35R 
and 35L. Concave hold section 23k which constitutes the gas acceptance field 60 is divided with this 
operation gestalt into three places of the cross direction WL by arranging the bank material side dashboards 
35Rand35L. 

[0026] The gas acceptance field 60 has the composition that do not form gas random **** 8, but the whole 
is presenting the shape of a stairway, already disturbs flow, and ** also distributes material gas G so that 
drawing 5 (a) may show. However, material gas G which flows near the horizontal center line HSL has the 
invasion include angle of material gas G to the gas acceptance field 60 close to a right angle. Therefore, it is 
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in the inclination to be hard to be scattered crosswise [ WL ], after running aground to top-face 23a of the 
bank material 23 compared with the location distant from the horizontal center line HSL. Then, if material 
gas G is made to produce still stronger turbulence only in the gas acceptance field 60 containing a horizontal 
center line HSL, also after reaching top-face 23a of the bank material 23, it will become easy to distribute 
also crosswise [ WL ]. When gas random **** 8 is formed also in the gas acceptance field 60 of both the 
sides that do not contain a horizontal center line HSL and generation of a turbulent flow is urged, there is a 
possibility that it may be set off against gas random ****** in the central gas acceptance field 60. 
Therefore, it is good only about the gas acceptance field 60 containing a horizontal center line HSL to form 
gas random **** 8. 

[0027] Moreover, the height of the stair-like quartz member 10 is good to adjust to about [ of the height 
from gas acceptance side 23c by which the upper limit was formed in the bank material 23, and middle with 
top-face 23a thru/or gas acceptance side 23c to top-face 23a ] 2/3. If the level difference of each becomes 
not much small too much, since the operation which rebounds material gas G to the opposite side will 
become small, it is good to adjust suitably. 

[0028] Next, as shown in drawing 3 and drawing 4 , the interior material 24R and 24L of a gas proposal 
which turns and leads material gas G from a gas inlet 21 to the gas acceptance field 60 is arranged between a 
gas inlet 21 and the bank material 23 in the form distributed to right and left to the horizontal center line 
HSL in the cross direction WL. The interior material side dashboards 34R and 34L of a gas proposal with 
which the flow of material gas G is divided in the cross direction WL are arranged at each of gas guidance 
space 24S formed inside the interior material 24R and 24L of a gas proposal so that it may extend toward 
the gas acceptance field 60 of the bank material 23 respectively. And the interior material side dashboards 
34R and 34L of the gas proposal and the bank material side dashboards 35R and 35L serve as a form 
arranged in the same side of a virtual flat surface perpendicular to a horizontal center line HSL, parallel, and 
the cross direction WL, respectively. 

[0029] If it will set by the time it results [ from a gas inlet 21 ] in the bank material 23 and the flow of 
material gas G is divided in the cross direction WL as described above, the fault of the rate of flow 
becoming quick locally, or becoming late can be prevented. And in case material gas G passes the bank 
material 23, it receives a strong distributed operation by gas random **** 8. 

[0030] The interior material 24 of a gas proposal is cylinder part material made from a quartz which has the 
oblong-like cross section which carries out opening to the gas inlet 21 and bank material 23 side, 
respectively. The interior material side dashboards 34R and 34L of a gas proposal It is inserted by top-face 
plate 24a and inferior-surface-of-tongue plate 24b which have been arranged mutually at abbreviation 
parallel, and is arranged in the form where an own upper limit side and an own lower limit side are welded 
respectively, or the form by which point support is carried out. It can respond easily by exchange of the 
interior material 24 of a gas proposal by arranging the interior material 24 of a gas proposal with which the 
interior material side dashboards 34R and 34L of a gas proposal were united removable to the body 2 of a 
reaction container to change the location of the interior material side dashboards 34R and 34L of a gas 
proposal. Moreover, in the cross direction WL, the spacer 33 for positioning is formed in one to the body 
section 2 of a container between the interior material 24R and 24L of a gas proposal on either side. The 
spacer for this positioning can also be regarded as functioning as a kind of diaphragm. 
[0031] As shown in drawing 3 , corresponding to the individual exception, gas inlets 21 A and 21B are 
formed in each of right-hand side interior material side dashboard of gas proposal 34R, and left-hand side 
interior material side dashboard of gas proposal 34L. Specifically, material gas G is led to the building 
envelope 5 of the body 2 of a reaction container from each gas inlets 21 A and 21 B through gas piping 50. 
Gas piping 50 branches for the inside piping 53 which supplies gas to the inside field in the cross direction 
WL, and the outside piping 51 which similarly supplies gas to an outside field, and enables it to control the 
flow rate of material gas G by this operation gestalt independently with massflow controllers (MFC) 52 and 
54 respectively. Here, a hand valve may be used instead of MFC 52 and 54. Moreover, the inside piping 53 
and the outside piping 51 are further divided into branch lines 56 and 56 and branch lines 55 and 55, 
respectively, and are carrying out opening of the inside gas inlets 21 A and 21 A and the outside gas inlets 
2 IB and 21 B to both sides to the horizontal center line HSL, respectively. 

[0032] Moreover, as shown in drawing 1 , the body 2 of a reaction container consists of lower housing 3 and 
upper housing 4, and the bank material 23 is arranged along with the inner skin of lower housing 3. As 
shown in drawing 2 R> 2, gas installation side 23c is formed in the bank material 23 in the form which 
adjoins the wall 9 of gas random **** 8. This gas installation side 23c has a form which carries out 
abbreviation coincidence at extension of the inside of inferior-surface-of-tongue plate 24b of the interior 
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material 24 of a gas proposal, and plays the role which leads a gas stream to the bank material 23 side 
smoothly. In addition, it has the step which has first page 4a which counters top-face 23a of the bank 
material 23, peripheral face 23b of the bank material 23 and parallel second page 4b, and third page 4c 
which counters gas installation side 23 c in upper housing 4, and the crank-like gas passageway is formed 
between the bank material 23, 

[0033] Moreover, as shown in drawing 3 , the distributor 26 is arranged between gas inlets 21 A and 21 B and 
the interior material 24R and 24L of a gas proposal. As shown in drawing 4 , the distributor 26 is formed in 
the horizontal length corresponding to opening of the interior material 24R and 24L of a gas proposal, and 
two or more gas circulation hole 26a at predetermined spacing is formed along with the longitudinal 
direction. In addition, gas circulation hole 26a is formed in the interior material side dashboards 34R and 
34L of a gas proposal, and the location in which it does not interfere. On the other hand, as shown in 
drawing 3 , between the bank material 23 and gas exhaust 36, the interior material 25 of a discharge side gas 
proposal is arranged. 

[0034] Moreover, optimization of epitaxial layer thickness distribution becomes still easier by combining 
with forming gas random **** 8, and carrying out adjustment by the side of a susceptor 12. As shown in the 
sectional view of drawing 10 , specifically, the susceptor 12 in which spot facing 12b which has the wafer 
taking-a-seat side 121 to which it inclined up toward the outside was formed can be used suitably. The 
above-mentioned wafer taking-a-seat side 121 is formed as a part following the spot facing inner skin 122 
including the spot facing inner skin 122 which spot facing 12b adjoined at right angles to top-face 12a of a 
susceptor 12. In the field in which the wafer taking-a-seat side 121 is formed, spot facing 12b grinds and 
shows a bowl configuration. In case Substrate W is set on a susceptor 12, since migration to the horizontal 
direction of Wafer W is inhibited by the inclination of the wafer taking-a-seat side 121, location gap of 
Wafer W arises in vapor growth, and ****** extent becomes small about effect by it at epitaxial layer 
thickness distribution. Moreover, when saying about the depth of spot facing 12b and Wafer W is laid, it is 
desirable to adjust so that the top face of Wafer W may be located a little in a vertical lower part rather than 
top-face 12a of a susceptor 12. 

[0035] Hereafter, an operation of the above-mentioned vapor growth equipment 1 is explained. As shown in 
drawing 1 - drawing 4 , after setting Substrate W on a susceptor 12 and pretreating natural oxidation film 
removal etc. if needed, it heats to predetermined reaction temperature with the infrared-heating lamp 11, 
rotating Substrate W. In the condition, material gas is introduced by the predetermined rate of flow from 
each gas inlets 21 A and 2 IB. 

[0036] It is divided into the inside gas stream Gl which passes along a distributor 26 and passes along 
between the interior material side dashboards 34R and 34L of a gas proposal, and the outside gas stream G2 
which similarly passes along an outside, and material gas flows toward the gas acceptance field 60 further 
formed in the bank material 23. The gas streams Gl and G2 which hit the gas acceptance field 60 run 
aground to top-face 23a of the bank material 23, flow along the main front face of Substrate W, and are 
collected and discharged by the exhaust pipe 7 through the interior material 25 of a discharge side gas 
proposal. 

[0037] For example, if the case where the gas acceptance field 60 has only become cylinder side-like is 
considered as shown in drawing 1 1 (c), the outside gas stream G2 will serve as a form which escapes outside 
in the field to which the edge in the cross direction WL is large, and it inclined. On the other hand, the 
inclination which is going to go straight on from that the inside gas stream Gl hits peripheral face 23b with 
the gestalt near a right angle in the location which is not strong as for so much the inclination near [ in the 
cross direction WL ] a center, and the recess to an outside being controlled by the interior material side 
dashboards 34R and 34L of a gas proposal and the bank material side dashboards 35R and 35L becomes 
strong. Consequently, near the edge of the right and left which the gas by which the first high flow rate 
section HI escaped in the longitudinal direction in the field between the interior material side dashboards 
34R and 34L of a gas proposal with the powerful rectilinear-propagation inclination of gas concentrates on 
distribution in the cross direction WL of a quantity of gas flow as show in drawing 1 1 (b), the second high 
flow rate section H2 appears, and the trough-like low flow rate section LI appears at the section-between 
them. Moreover, since flow rate distribution serves as bilateral symmetry mostly about a horizontal center 
line HSL In the main front-face top of the substrate which rotates to the circumference of Axis O in the 
right-hand side high flow rate sections HI and H2 and the right-hand side low flow rate section LI The left- 
hand side high flow rate sections HI and H2 and the left-hand side low flow rate section LI will lap, and in 
epitaxial layer thickness distribution formed, as shown in drawing 1 1 (a), the big nonuniformity 
corresponding to quantity-of-gas-flow distribution will occur. 
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[0038] However, the material gas Gl which flows near datum-line HSL (i.e., near a center) can be 
distributed positively, keeping the vapor growth equipment 1 of this operation gestalt being the same as that 
of what shows the outline configuration of the bank material 23 to drawing 1 1 (c), and abbreviation by 
forming stair-like gas random **** 8 in the gas acceptance field 60 (refer to drawing 12 (c)). Consequently, 
the fault that the low flow rate section LI arises is canceled effectively, and it can consider as a more 
uniform thing as shows the epitaxial layer thickness distribution which can realize an almost uniform 
quantity of gas flow to the building envelope 5 whole of the body 2 of a reaction container, and is formed in 
it as shown in drawing 12 (b) to drawing 12 (a). 

[0039] As mentioned above, although the operation gestalt of the vapor growth equipment of this invention 
was explained, this invention is not limited to the above-mentioned operation gestalt, and can add various 
deformation in the range which does not deviate from the concept indicated to the claim. 
[0040] 

[Example] (Example 1) It has arranged in the vapor growth equipment 1 which shows the silicon single 
crystal substrate W with a diameter of 200mm produced by the CZ process in drawing 1 - drawing 4 , and 
drawing 1212 (c). On the other hand, the vapor growth equipment which only made the gas acceptance field 
60 of the bank material 23 the shape of a cylinder side as shown in drawing 1 1 R> 1 (c) also prepared as an 
example of a comparison, and the silicon single crystal substrate W has been arranged similarly. And it 
examined in the following procedure. 

[0041] First, after it energized on the infrared-heating lamp 1 1 (refer to drawing 1 ) and the temperature of 
Substrate W became 1 100 degrees C, the natural oxidation film of a substrate W front face was removed. 
Then, the hydrogen gas which contains trichlorosilane gas as material gas from inside gas inlet 21 A and 
outside gas inlet 2 IB, holding the temperature of Substrate W at 1 100 degrees C was supplied in the 
reaction container, and vapor phase epitaxial growth of the silicon single crystal thin film was carried out on 
Substrate W. In addition, the sum total supply flow rate of the material gas of inside gas inlet 21 A and 
outside gas inlet 21 B was fixed to a part for 501./with the value in reference condition, moreover, various 
feeder current quantitative ratios of inside gas inlet 21 A and outside gas inlet 21 B are alike, change, they 
grow a silicon single crystal thin film, and chose that from which thickness distribution becomes the 
optimal. In addition, the silicon single crystal thin film was grown up, acting as the monitor of the thickness 
for the purpose of 6 micrometers in thickness. 

[0042] And the thickness distribution profile of the diameter direction of the obtained substrate with a thin 
film, i.e., a silicon epitaxial wafer, was measured by the FT-IR method, and it plotted in the graph. A 
measurement result is shown in drawing 13 . That is, when the equipment of this invention is used, when the 
equipment of the example of a comparison is used, the fluctuation of thickness of (a) is smaller than (b), and 
it is understood that uniform distribution is acquired at a glance. 

[0043] Moreover, about the maximum thickness value of the diameter direction of a silicon single crystal 
thin film, tmax and when the minimum thickness value of the diameter direction was similarly set to tmin, 
the difference (tmax-tmin) was 0.04 micrometers at the result obtained using the equipment of this 
invention, (tmax-tmin) was 0.13 micrometers when the equipment of the example of a comparison was used 
to it. However, since the size of these values was dependent on the total thickness of a silicon single crystal 
thin film, the value calculated, the rate to (tmax+tmin), i.e., 1 00x(tmax-tmin)/(tmax+tmin), of (tmax-tmin), 
was calculated as a standard of thickness distribution of a silicon single crystal thin film. 
[0044] Consequently, the value 0.34 was acquired about the measurement result ( drawing 13 (a)) obtained 
using the equipment of this invention. It was the value [ result / ( drawing 1 3 (b)) / which was obtained to it 
using the equipment of the example of a comparison / measurement ] 1.07. Thus, by using the vapor growth 
equipment 1 of this invention, thickness adjustment of a silicon single crystal thin film can be performed so 
that the value defined by 1 00x(tmax-tmin)/(tmax+tmin) may become 0.4 or less. 

[0045] (Example 2) Using the vapor growth equipment of this invention with which gas random **** 8 
shown in drawing 8 was formed, on the silicon single crystal substrate, vapor phase epitaxial growth of the 
silicon single crystal thin film was carried out, and the silicon epitaxial wafer was produced by the same 
technique as an example 1 . As block material lOmade from quartz e, using that whose size was adjusted to 
the depth of 10mm (flow direction of material gas), width of face of 35mm (cross direction WL), and height 
of 3.5mm, this has been arranged so that it may become bilateral symmetry about a horizontal center line 
HSL. Moreover, the distance D from peripheral face 23b of the bank material 23 to block material lOmade 
from quartz e was set as 5mm. In order to carry out comparison examination with this, the silicon epitaxial 
wafer was produced on these conditions using the conventional equipment which only made the gas 
acceptance field 60 of withdrawal 23, i.e., bank material, the shape of a cylinder side for block material 
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lOmade from quartz e as shown in drawing 1 1 (c). And the thickness distribution profile of the diameter 
direction of these silicon epitaxial wafers was measured by the FT-IR method, and it plotted in the graph. A 
measurement result is shown in drawing 14 . 

[0046] The epitaxial wafer which produced drawing 14 (a) with the equipment of this invention, and 
drawing 14 (b) show epitaxial layer thickness distribution about the epitaxial wafer produced with the 
conventional equipment which is not improved, respectively. The big wave of the wafer core observed with 
the epitaxial wafer produced with the conventional equipment with which the epitaxial wafer produced with 
the equipment of this invention is not improved has disappeared. That is, the thickness distribution from the 
core of a wafer when setting the radius of an epitaxial wafer to r to the location of r/2 has been improved 
sharply. 

[0047] (Example 3) Gas random **** 8 shown in drawing 9 was formed, and further, using the vapor 
growth equipment of this invention improved like drawing 10 , on the silicon single crystal substrate, spot 
facing 12b of a susceptor 12 carried out vapor phase epitaxial growth of the silicon single crystal thin film, 
and produced the silicon epitaxial wafer by the same technique as an example 1 . As block material 1 Omade 
from quartz e, this has been arranged in contact with peripheral face 23b of bilateral symmetry and the bank 
material 23 about a horizontal center line HSL using that whose size was adjusted to the depth of 10mm 
(flow direction of material gas), width of face of 35mm (cross direction WL), and height of 3.5mm. In 
addition, configuration adjustment of the block material 1 Omade from quartz e has been carried out so that 
peripheral face 23b of the bank material 23 may be met. In order to perform comparison examination with 
this, block material 1 Omade from quartz e was removed, and the silicon epitaxial wafer was produced on 
these conditions using the conventional equipment adjusted to the gestalt which has uniform depth d for spot 
facing 12b of a susceptor 12 as shown in drawing 6 . And the thickness distribution profile of the diameter 
direction of these silicon epitaxial wafers was measured by the FT-IR method, and it plotted in the graph. A 
measurement result is shown in drawing 15 R> 5. 

[0048] The epitaxial wafer which produced drawing 15 (a) with the equipment of this invention, and 
drawing 1 5 (b) show epitaxial layer thickness distribution about the epitaxial wafer produced with the 
conventional equipment which is not improved, respectively. The epitaxial wafer produced with the 
equipment of this invention brought a result which both jumping in the wave of a wafer core and the wafer 
periphery section presents a small profile compared with the epitaxial wafer produced with the conventional 
equipment which is not improved. This result shows that it is possible to improve epitaxial layer thickness 
distribution by combining configuration adjustment of gas random **** 8, and configuration adjustment of 
spot facing 12b of a susceptor 12. 
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* NOTICES * 

JPO and NCIPZ are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
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[0 0 15] 06fCjjVr«fc-Mc, ffi<*t> 1 2 b©gi£d 

a. u-fey* 1 2 icEB£n5S«w©jp£ d • <t t» & 

«=F*#< CfcfcX.tf2 00&V>L4 OOmhiSS) il 

[0 0 16] rt»fflH5rtlctt,' ■ 3li5?rJ:9lciH: 
^ 1 2«%>>BtrJ:d(cm^2 3sWEB«nT^ 
3„ 02(C^-r.J:-5{C. =ggW2 3tt, ^©±®2 3 a 
■WV-kyf 1 2©±ffil 2 a (t>^T«:&KW©±^ 

.k^fc, ^i?ap2 1 mmt2 3<Dftmm2 3 b 

{C#ft-r3Jg»CTfflPLT:}3!), M^fXSSXP2 1*^ 
©JICJfSWXGti, !4^ti9(C, «gP#2 3fcl7&j£ 
^nft^§Aia6 0(Cife,T±ffi2 3 aflOTcSg!) 



(4) #H 2003-203866 

&mz&i$.ztirci$mm<D^mv ^"?2 2 ra?n> 

•^©rtWceS^tiS-tHr:/* l 2©±ffil 2a^ s 
WJ>^2 2©±I2 2a (02#Bg) ^BSJrJ — ®£ 

[0 0 17] @3~5(C/7t^fAI^6 Ottt, jffi 

g ©»n*i*m>atk o$ d»*p 3 6 Micmts 
K-onx, mmttz 3<o±®2 3 atcitr*xz&SM 

WIC*{W*H9, 9, 2 3 b*Wf £#X&LgB8tf 
70 *J*«tlTV« 092 990 o «Stt2 3©n«ffi2 3 

btt, ^rxabgpsowrs— spog2 3 bfc^^n 
?-ti£tURgi©S9, 9, 2 3 bo^n^ntci-pTsS 

ia*teBMajg«n**5s «SB**2 3©±®2 3 a fcM 
*. 19, 9, 2 3 btt. mtatCfefeORtf&ftTVt 

23b ©&©j§-&j: t> mn#x g ©asntcan^ 

3©±ffi2 3 ateSMLfcfc-fc. «*fcfeJ:D-M»» 
[0 0 18] H2©S&&A:B&£4HP3J:5»c. #X 

sab»8o««i:LTPisgBgtt*»3iteawe** 0 

[0 0 19] H 1 icavr J: 3 te, ^ffi^cS^B 1 fcfev^ 

jo t ti, s^mg^ft 2 com-m& 31*6**^12 

0»n#|tBte»oftffiH^^4»*7fcT»M»H S L 
t-T^o f LT, *fl«P«HSLJ:tt^ 1 2 OB 

[0 0 2 0] #xaL§P8tt, fci:^.{f0 5 (a) Icjjk 
t <fc 3 2 3 ©±® 2 3b 9mM*HMtM1*1* 

fc«79 >J< »TJg«*nfcia«W)iK«»2 3 k te, 0 5 

(b) {c^-r«k3{c. Pf©tt©5^gp#i O^StKRTfil 

40 icmm^n^ct.K^'oxB^n^o 3 k 
a. &mt2 3<Dnmffi2 3b<D-^t. tfxmxm2 
3 c ticz^rmmzti, 1 2©jg«*s©;L 
fcraMttte^-rsctft^frSo ^lt, ^ etc eh 

»R^a52 3 k(c^ra*<ffitt), mS^<fflg^a6i? 

•9-fe^i 2 ©@tef^o t ^tsmmic^T L ^Jg 

50 «*4U^«, 53t«fi«P3ailttK:4DIbfe*)x «K 



-4- 



[002 1] 07 (a) im lfr?>0 5lC^L*:;tfXgL 
bSi38T*&D, 07 (b) ~ (d) «#X&bgl38i:b 

7 (b) «, M3ft#XG©ffin:£ft±iffi<igfc:M9. 9£ 

m^mmmz^tzmm&ttcDGn&ti 1 o b^ss 

*\ 0 7 (a) {c^mHJ; 9 SUt*Sl5S 

&tc, 07 (c) a, «#©s3iap# 1 oc? 
19, 9, 2 3 b<D&r$&mm#xG&&zj>imi:vrc 

9, a«[«£i:j*«K $fc, 0 7 (d) 

2 3 <0«Sl^|lc»fKWfc5l5H^P ? 1 0 d «4»R 

IS5ft;tfXG©S§fc3:5§9, 9, 2 3b©gc£:bT 

[0 0 2 2] S/t, 08 (a) ©|*8i0i3<fctf08 
(b) (DWrS0Jc^-r<kdk:. #X&bgB8 MJftytf 
^G<0«En*lftteBBbT«»«2 3<D±I2 3 afcKg 
t*i2 3b («gU«2 3©^.JSiS*a*t- *) 

OSPl 4 fcl2 3 bfcOHJteSWS Aib^CSi^tet 

t^-5fe^fcfev>Tt±07 (c) (ommicmMvx 

fc, 08 (b) U: s zk^FSlplKH S L**lf*-fe^ 1 
2©@$SW$llOte^ff*Wf®*^'t- 1 &©T?feS5!)V Ceo 

[0 0 2 3] ±IH©«t^ftagl5l 4tt, tlg&#2 3£— 

#*fett8d#»cjgj«t-* 0 8 ic^-rmm 

tc*5V»Ttt««*S/abT^*. SflEWtett^ MJRbfc 

JBTD3:R©iRS»2 3 kttJg/ftlT. K4K$fflS2 3 kfc 
55>S§37ej ^aiOe «««^IflEfc:BB LTflrf* 1 4 

*M C^Ua^WtiMMflD ©P£#* <W#*5) © 
«affcfelB*fcfj***o #*5, 5£B:7ny**f l 0 
ett, «BW2 3fc»dJ:5fc»iabfeJgtt«ifirr*C 
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[0 0 2 4] Sfc» 09K:^-T«fc-5^ %Vtt2 3©ft 

[0 0 2 5] ST, 03~5fc^-r<J:dfc. 41SP**2 3 
©flJS®2 3 Mc«, S Lfc3*L;fc&aft 

te«t)»»fc*fc:T. JWR*XG©a[n*«WiRiWLfe: 

*»*«ORfflBfteTtt«««aP«flItfc«I« 3 5 R, 3 5 

L««BstiTt>*o ^tt, ^ne>«a5«fflitt«j«3 

70 5 R. 3 5 LteJJoTtt«&ttfc»fc&S;*r;*ftX«K 
6 0KIU *¥»MRHS L**&^«X«*6 0 

«gP«H0ft^J«3 5 R, 3 5 L«2n5 
CtlCi^ # X* A** 6 0 %«§/£-r * C3«©lRSgP 
2 3 ka^««riftWL©3»5f»Cffc«I&nTV*. 
[0 0 2 6] 05 (a) J: 9 tfXgASt 
^E6 0it #XSLbgE8 *«W"f i: t>BEfc£IWKatt 

JSgtC^oT^So bfrb&tft, 7k¥Sms©HS L©J5 

XG©«Afl*3WtftfciSv>. ^©fc«>, 7k¥S&BH 
S L * £g|tlfc«3TfCl±'<.5 , «S15« 2 3 ©±® 2 3 
a left K> liflttbb , H73 iftW L tcfSc £> fcf K> KlrHIAlc 
Z£T\ *¥»PI§lHSL£^ifr;*fX§A®#6 
0©#T% <fct) — JI5ftvan«««i!fXG»c^C««T 
•"MH*. SSP**2 3©±ffi2 3 afcjgb/c&fcfe, 
AWLiC<E>£1ifcb8<&3. febfe, zk¥*P*i?HSL 
*^**^li*M' K©#X§A8f«6 OtCfel^TfctfX 
ab»8*JB«u SL»E©£j**:4&r£s cft£©;tfx§ 

Aflw«6 0Tf©ifxabja*tfi«sn*3an3i(«**o 

8E^T, *¥Wpi?gH S L*^trjSrx«A««6 OitO 
t^T©#, ;tfxabS58#Jg/££n3©:V«fcl^©T-& 

[0 0 2 7] Sfc, Pg@tt©5^SC« 1 0©iS?i±, * 
0±*B«MW2 3fc:^Stlfe^SXiB2 3 c t, 
±®2 3 a fc©ifiBBai,*»U PtfXSA® 2 3cM±I 
2 3 a£-t?©S£©2/3S£tei8g-rS4:«fcV\, — O 

^0 ©tf«fcv\, 

[0028] ^fc, 0 3fe«ttf0 4^-r«t"5{C. ^X 
iAP2 1 iil^©IMXG4^XSAffla6 0(cA(t 
T^< ^xm^SW 2 4 R . 2 4 L HTjISIW L fcfe 

XHAP2 1 fcagp»2 3 fcOHflteEBSnTVSo ?5f 
X^F l 3gW2 4R, 2 4 L©rtIfcMJtlfe^If«3 
^H2 4 S©#>5r»Ctt, M^^fXG©8Sn^e^IqlWL 
fCTft«JS^X^F«igi5«fflItf:^J«3 4 R, 3 4 L*V =& 
**§SB&2 3©^fXSA^6 OiC^oTfiCfS J:^ 

50 fcEisnt^*. *lt, *©^sertaw«ft«WE 
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p 

3 4R, 3 4 Lfc«g|S#fflltt*ZJ«3 5 R, 3 5L^W 

[0 0 2 9] ±ffiUfc«fcdtC, #X»AP2 1 
#2 StcM^ST'ODRafcis^T, lS3ft;tfXG<D*fim£\ 

ih-e^&o fit, mwxGit. asm 2 3 ^riiis-r 

[0 0 3 0] iST.m^UZ 4 ti, jJXiAP 2 1 Wk 

mm* 2 3ieikte:*n^niwpf *««tt»ns**-r* 

SISHOWeWefc 9 , #XJKrt*««tH!HR 3 4 R , 
3 4 Ll±, M.MCV&¥?Tlc$im.Ztirz±mfo2 4 a tT 
B®2 4 bfc£«fc-?T#E3;n> i#0±i«ffifcT<ffiffii: 

tlTl/^o #X^rtgPMffl!ffiZJ«3 4 R, 3 4 LtfH* 

<tgt\rc#xmft$m2 4^ s^gg*<*2^«LT 

3 4 LCDffiBSr^MLfc^ig-^lfc^T 

g|5#2 4 R, 2 4 L<DP^fCt±, tt^feffl©7^-^3 
3tf£S5#f*g&2fc:fcfLT— *Wteia:»*6nTV*. c 

[003 1] 0 3fc;S-f :&<8l<D#X^rtgp:ft<I 
{tta«3 4 Rfc£«o«r^JKrt*«fiBffc««3 4 L h<D 

^•n^ntCffliJfcMJSLT^fX^AP 2 1 A, 2 1Btf 
5 0tgtS^AP2 1 A, 2 1 B^e»SJS^Sg* 

^2©p«3SP^5{c^n5c *mtfmwreit, ^xe 
{noes 5 1 tteiMRu **«s;ffxG©«[«*, vx 

7n-3yho-7 (MFC) 5 2, 5 4 *<:,};»? SlsWc 
fWWT?**J:$fcLTV3o dill?. MFC 5 2. 5 4 

5 3 *5j:tw«Hff 5 1 znznttm&'g 56,5 

6 *5 <fc tHMSE* 5 5, 5 5tJP, tc#n. 7jc3?S^ 
H S L(C^LTMM^^-n ; ftlrtlia^fX»AP2 1 A, 
2 1 Afc£tf7l-<!!l#;2.WAP2 1 B, 2 1 B«:lPtT 

[0032] snc7jrr<t:5fc> sjs^ig*t*2 

TSP-T— X3fc±gB-7— X4fc*^40, igg&#2 
3«TSP^— X3©rtjg®fc&c>TEB?nT<,>£o 0 
2 fc7jVf«k 3 :gg|5#2 3*ai, #X;§lLgP8<D§9 
fcR»-r*JBT», ^Xi|Ai2 3cib«nT^5. 
gE:2fXS?AB5 2 3cti, tfX^ftgMtf 2 4 CDTSffi 2 4 

«BW2 3«te^/»-XteW<!SMB**fc-ro &*5. ± 
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JO 

a$^r-X4{C&4 v SSW2 3 0±S2 3 a icMKs}? %>?g 

-W4 at. m.mt 2 3 onmm 23b tfff^^zffi 

4b£, #X«A®2 3 ctc»|p|-r5S=®4 c 
■r«©gP*WU iS8M*2 3tC0F^^7>^ttCD7?X 

[00 33] $fcs 0 3fcl/jVr<fc-5fC, #X»AP2 1 
A, 2 1 B£:#X^F<3gf5#2 4 R, 2 4 L fc^dflfclfi, 
#it«2 6tfEB2ttT<,>3o 0 4{c^-TJ;9{c. 
fi2 6(i, #X^|*3gW2 4 R, 2 4 L©BBP8BC»JS 

PIT*«&<D;2JXiffii?L2 6a^M?ntl^. &*5> 
# XjjStffi?L 2 6att, Xxmft&ttWimfc 3 4 R , 3 
4 Li:=F^U*^^Btc^^nTV>^ 0 — m3ic 
jjvr<£ -5 fc. 2 3 t #X#mjp 3 6 t©Hfc»±. 

PtM:*7XIgF , igW2 5tfEB;*nT^£„ 
[0 0 3 4] Sfc, jfxELl,«8&je&rzz.ttcm& 
T, *-fe^*l 2ffll©^S^rHSS-rsctic < J:»?. xfcT 

^<*t) i 2 btfj&s^n/VF-tr:/* i 2*#»c«yB-r 

SCtA^tl. 1 2b(i, 2<D_t® 

1 2 afc^l»fc|?!fgLfc^<'»?F , 3MSl 2 2^^> * 

«Mi 2 i *^?hn>s, «>x— 2 i 

>>x— /N»g|ffil 2 l<D«^CctO. «>x— /nWcOtKV 

»»**J:«fa«««/jN«<**. Sfc, S<*5l2b 
©aiStcHLT^^tf. «>x— ^NW^KBUfct^, 
jl— /NWCD±aaA^i7--t^^ 1 2 0±® 12a±i3 fc J f> J f> 

[0 0 3 5] JLxT.±IB^ffi^SSfi l ©flUBteo^T 

^0 §7?X«AP2 1 A, 2 1 BfrP>BmtfXZffil£.<DVm 
fcTSSA-r*o . 
[0 0 3 6] M^7?Xtt, ^®t«2 6?:ii»J, 7?X|grt 
gP«ffifltt««3 4 R. 3 4 L©Ptfl*ffl5ft<B!l;tfXiffiG 1 
ilt<^<l!J^a^Wll^fXi!SJG2i:fctirgJ?,nr, 
?e»(cSSP«2 3\mmz*lTcf3K%:\ffl$.Q OfciSlo 
TgSn-So 7^XgA^6 OfcSTc-pfcT^XgSG 1 *3£ 
tf G 2t±. 3KSM*2 3<D±B2 3 atc^t)±^T. S4E 

50 [0 0 3 7] rckZlf. 011 (c) ft7j^-r«}:^{c N # 
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<D. *ftSH^4©§§Kfc<^{fc«{;:Tfl.JiB2 3 b»cit 

n^^m^x^fc^ cut, x xmfimt w<±yj& 

3 4R, 3 4 L£±t/*|gB#{Mti:3]ffi3 5R, 35LC 
fcfett&^fCfct, 011 (b) (c^-ri^fc. 

mmmmtf i &^#xmftmtwt±9}& 3 4 r , 34lo 

M&<D±mw±ici3^Tftw<DMtimgm i . h 2 fe«t 
tfffissasPL i »c, £<ai<Dsgs«gPH i , h 2 fe«ttfffi 

^^{cti, 011 (a) lciF?r£5lc^ XxVUMftlfi 

[0 0 3 8] LfrbfctfS, 2^lif0^^<D^*BfigSSH 
1«> ^7>SA^6 0{Cfc(/>TPiS«O^aUgi38 

CfZ?, itgfl#2 3<DlftiSJg«^01 1 
(c) KStfeOtBWilcfil^oo, S^HSLJfi 

C (012 (c) #SD o ^©*3 

*nt, 012 (b) te^-r<J:3{cSiS^s§*^2<Drt 
nz^¥$*i>'*A'M<Dmzfti5*mi 2 (a) {c^-r 

[0 0 3 9] JW± N *5IWO^Wa^fiSIB©||fifi^fi|fC 
CO 0 4 03 

CH5SMJ (HSfifWl) CZ^tc<t?3f^SLfcitS2 0 

0 mm<?» y 3 >¥I£iBSKW*. 0 1 ~0 4 & * tf 0 

1 2 (c) (C/3t«fi^tl ftycffiBLfco ffi7j> 
J£«J0Oi:LT, *tg|5#2 3©#X«A««6 0£\ 01 
1 (c) tc^-r«t?fc, #(cRI§iS«fcLfc^*ifig5^ 

BtjBBu f y ^ v«eA»Ew«iqiaiicESL^. 

coo4i] sr. a^«ttoj»9>yi i (01 mm) 
icmmu mmviHDi&mtf 1 1 oorfc^^fc^c. s 

m*l 1 0 0t;{C«^LfcSSrt{B!l^X^AP2 1 A*3 
<ttf^M^X»AP2 1 B^P.H^ilTh'Ji'D 



(7) #F»B2 0 0 3-2 0 3 8 6 6 

12 

T» S«W±lC->y:3:/J|Llgft»H*^xe***.* 
;l/fi2g^4+fCo £i5. F«3lffiI^X^Aa2 1 Ai^fifltf;* 
m\U2 1 Bi:©M^XO-&tt«if&Si!ft«. B3£#S 
(CWStT-5 0'j7h;l//»KI^Lfc. Sfc. rtfiO 
^fXiAP 2 1 A fc^i^«AD2 1 B i©&&fcfS 

tttm* ic&z. t y 3 >«isft»iK>***ff^\ at 

^y:3>#ISAttBUd:J*2 6 ^m^litLT, SUP^ 

yo [0042] fit, »?>tirc^M#^©»«-r*t5^ 

S/ynVXtT^S-'-Wl'^x— mcd. iigTjftcDlt^ 
^u7r^MFT- I Ri6Ji:J:?>«|£U *77fc 

«»H©*B*ffl^fc»fa- (a) JtBB<DBB*Jfb'' 
(b) £9 t©tJP<D^WjjbVh2< % 

[0043] sfc. ^ioit^s^tisnftga 

20 f<DS (tmax-tmin) l±0. 0 4 pmffeo/io 

*nK»u &w.m<Dmwikm^rz.w&. (tmax-tm 

in) &0. 13/tmf^ft 0 fcfcU C*l5<Dffl©;*: 
<htt^U n >#^ B B B »ffiO^JP?fc«c#-r %<DT\ ( t 
max— tmin) O (tmax+tmin) {c3t"#"^t!J-Q, OS?) 
1 0 0X (t max— train) / (traax+tmin) T?^«6?> 

[0 0 4 4] *^<D^B^ffl</^T»e>nfc 
SUSB* (01 3 (a) ) fCOl^-Oi. 0. 3 4 £1^5 

30 mttnznrco ^mcnv, tiMm<^mm^m^Tn^ 
nrcm&aBM (01 3 (b) ) ic-o^ti*. 1. 07 1 

^rfflV^CttcJ;??. 1 oox (tmax-tmin) / (t 
max+ train) T'gi?n«ttA<0, 4JWTt*^i:5 

[0045] cmmm 2)08 {c^-r^xaugp 8 
©¥stcT->y avjuaaifiifc, i/y 3 

^0 M ; &^*§xtf^^-v;l'fig«$ti:T^y3>'xtf^^ 
t;Wi-A?:fflLf: 0 E^i7n>^«l Oetl 
TMu 1 0mm (IS^XOgSn^lRl) , 13 5 

mm OfKfrfnjWL) . i§?3. 5 mm(C>J-aiiSL«:«> 

*«J;^fCiHfiLfCo Sfc. Jggi5#2 3©n^B2 3 b 
fr£>53l§!!:7n->/^#l 0 e $T-©g|^Dtt 5 mmicg 

1 OetiS, OS ?>«S3#2 3©^fXSAM«6 0* 

011 (c) {c^-r.t'ptc^cpBisiatttLfc^oD^ 
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!>x— '■\<Dmmj3&<DmB#*pyv7T'f)v*¥ t- i 

a 1 4 IC^fo 
[0 0 4 6] 01 4 (a) *%^OSST*f^lSbf£: 

xtf^^^Y^^x— /\ 014 (b) it, ag$nt 

It, *fiSnT(/^V^*<D^BT'f^iaL/cXfc!^^~> /<? 

¥i«rtU;tt©, ^x— /\<DtpJL>i)-<t> r/2<DtfL 

C00 4 7] CHSH0U 3)09 fC^-TtfXSlLgB 8 JE5 
fig^tX. SSfctHrrir 1 2 1 2 btfil 0<D 

0 eiUti, Hfrfr 1 Omm <Mfc1S7,<DWx% 
IrI) > 413 

Tfc&^^~OSSiJ«2 3<DnSS2 3 bfcigLTEB 
bfc 25:45. 5^D7^«1 Oett, *ggp#2 3© 

i&ms*fir> tabic, &m-7u 7*«ioe 

L, 1 2<Dm.<?K> 1 2b^ 06lC^"r<fc 

— ^©figT? ft<z>KJP#*iJ:7 p n 7 r -<;l/^r F T - I R?£ 

5 iCfjk't'o 

[004 8] 01 5 (a) tt, *^<DgB^«bfc 
xtf^^S/^;l/«>x— 015 (b) It, StfiSnt 
<^&l^S£*€>gBT'f£§i! L/c:Xtr^+->-v;l'«> x— >>JC 
OV^T, xe**^;l/gco/S£#^^n^ft;^LT 
^■5 C *^cDS«t?f¥iS!Lfcxe^^->^;l'*>x-/N 

it, 3ta?nri.^v^*o^gT^ss!Lfcxtr^^>' 

-wWx— Mfcit-^T, r>x— Mtfi>D>gl5<D'5fc?)v «^x 

MSt5iBSi:4-3fto #XSIL358<D 
Jfcttif&i:, l 2<D^<-D l 2 bojgttlggi: 

[0 1 ] *^WD^4§fiK5^««D-M*^-rM®ieTB 

0o 

[02] ^Bao^ffl^SSBOggP^ffi^LfcffM 50 
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0o 

[0 3] *^©^ffifig:S^BCD^®0o 

[0 4 ] *^oM4afigs^B©sep*-ep« s k^t 
[05] iwcfsK?nfc^SAti«©ii;*Bi„ 

[0 6] -9-fey^fC3gfig^nfc^<-t)cDl£^:0 o 

[0 7] ^abW©*-«f«:«l8%»qrr*WiSH*J: 

tf£tfi0o 

[08] 07 £&im<D®m,®i3£xf8m®o 

[0 9] 0 7 tH«l<JD^0 o 

[010] ^■t^izmmt£nfcm<'rxD^mm^-r 

[011] PS©«o^xaugi5*^j«^nTv^^* 
<Df$.mf$.&gim<DfflM&zmw? * 0 O 

[012] H»tt0^fxabff*jgjiW-*{ii:te:j:»jjt 
[013] H«iMfeJ:ifJ±«CT©lieiie*?*SJgJP^ 

[0 1 4 ] isi c < iw«M&©*!C£es*3j*-r ^ ? 0 
[015] i»ic<^?^osijSi@m%^-r^7o 
[^oiMW] 

1 ^ffi^asa 

2 EiSgf§## 
5 rta&RB 

8 #X&Lg|5 

9 B 

i o mwmzmtt 

10e 5^1S!rn^^$J 
1 2 •tf-fe:/* 
1 2 a •9--b7 p ^CD±M 
1 2 b ^<*t» 

1 4 i",g|5 

2 i xxmxa 
23 

2 3a Jggp#<D±® 

23b mmnDftmrn 

2 3k iR^gP 

24. 24 R, 24L XXmftmf 

24S tfxsgrtSBS 

3 1 W> — ffipp 
3 2 ^HfSSP 

3 4R, 34L #XJKrta$#«ttBJ« 

3 5R, 3 5L £ffittfltt«)tit 

3 6 xxmmn 

1 2 1 7x— Afff 

w as 
o isiewa 

HSL tK¥»^ 
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(11) 



#B8 2003-203866 




mi 3] 



(a) <g 



5t 6.10 

X 6.05 

64 6.00 

§ 5.95 

P 5.90 
5.85 

* 5.80 
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